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Introduction
Pancreatic cancer is the deadliest form of cancer in Saudi Arabia, with a 5-year survival rate of 10%. 1 In 2003, the Saudi Cancer Registry reported 101 newly diagnosed pancreatic cancers (36 women and 65 men). 2 However, the Saudi Cancer Registry's most recent report for cancers (2014) revealed 277 newly diagnosed pancreatic cancer cases (102 women and 175 men). 3 These indicate that the number of new pancreatic cancer cases increased significantly over a period of 10 years in Saudi Arabia, an increase of 174.26%.
Most international pancreatic cancer cases are diagnosed at advanced stages, 4 similar to the situation in Saudi Arabia. [1] [2] [3] Detecting pancreatic cancer at an early stage 
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ahmed et al may improve survival rates, 5 as there would be more treatment options. 6 Although imaging tests such as computerized tomography (CT scan), magnetic resonance imaging (MRI), and ultrasound (US) are most commonly applied for early detection of pancreatic cancer, their predictive performance has yet to be established in Saudi Arabia. However, an individual test alone may not have sufficient predictive ability to correctly classify true positive and negative patients. 7, 8 Based on existing literature, factors associated with pancreatic cancer have been well established in international populations. [9] [10] [11] [12] These include male gender, 9 older age, 9 pancreatitis, 10 smoking, 10 obesity, 10 diabetes, 10,11 jaundice, 11 abdominal pain, 11 nausea/vomiting, 11 fatigue, 12 and weight loss. 12 There is no adequate information available on clinical predictors of pancreatic cancer in Saudi Arabia; 13 as also, there is no valid assessment tool to identify patients at high risk of pancreatic cancer in this population.
There is an urgent need to establish a risk model to screen for high risk of pancreatic cancer in Saudi Arabia. This risk model represents the first model to discriminate between low-risk and high-risk pancreatic cancer in Saudi Arabia. This model incorporates demographic, clinical, and radiological variables to improve early detection of pancreatic cancer. We aimed to develop a risk prediction model for pancreatic cancer and assess its utility on a retrospective study of patients who underwent biopsy examination of pancreatic mass at King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia, between January 1, 2013, and December 31, 2016.
Materials and methods
This was a single center retrospective cohort study of patients who were suspected of having pancreatic cancer and who underwent biopsy examination of pancreatic mass at KAMC, Riyadh between January 1, 2013, and December 31, 2016. KAMC diagnoses and treats many pancreatic cancer patients and is committed to establishing early detection and diagnosis programs.
Data were retrieved from medical records. The authors extracted the following demographic data: age/years, gender, height/m, and weight/kg. The body mass index (BMI) was calculated using the formula weight/kg/(height/m) 2 and classified into obese (BMI ≥30) or not obese (BMI <30). The authors extracted data on symptoms (yes/no) of pancreatic cancer: nausea/vomiting, jaundice, weight loss, dark urine, persistent fatigue, abdominal pain, back pain, bowel obstruction, blood clots, and pancreatitis.
The authors retrieved data on comorbidities (yes/no): diabetes, hypertension, depression, and renal disease. The clinical findings of the imaging tests for each patient were reviewed: US, CT scan, and MRI. An abnormal imaging finding was recorded if at least one of these imaging tests was abnormal. The final diagnosis was recorded for each patient and classified into benign or malignant masses.
statistical analyses
Data analysis was performed using STATA 12.1 (StataCorp LP, College Station, TX, USA). Continuous characteristics were presented in the form of mean and standard deviation, while categorical characteristics were presented in the form of frequency and percent (Table 1) . Subgroup analyses, independent t-tests and chi-squared tests, were used to identify significant individual predictors for malignant pancreatic mass ( Table 1 ). The discrimination accuracy for individual predictors was calculated in the form of area under curve (AUC) and 95% CI for AUC. The stepwise binary logistic approach ( Table 2 ) was used to retain only predictors with small P-value (P≤0.05). Calibration of the model was assessed by Hosmer-Lemeshow chi-square goodness-of-fit test, with a P>0.05 indicating an acceptable calibration. The model for predictive accuracy was assessed using (c-statistic) AUC and 95% CI. Model validation of predictive accuracy was assessed by calculating the bootstrap 14 optimism-corrected AUC with 200 bootstrap replications from the actual sample. An optimal probability cut-off value was determined using the Youden Index (YI) 15 for discriminating between benign and malignant pancreatic masses. The diagnostic performance of the risk prediction model was compared with the most important predictors using receiver operating characteristic AUC, as shown in Figure 1 .
ethical considerations
The study received ethical approval from the Institutional Review Board at the Ministry of National Guard Health Affairs (Study Number: SP17/028/R), Riyadh, Saudi Arabia. Due to the nature of the study design, consent from patients to review medical records was not required by the Ethical Review Committee at the Ministry of National Guard Health Affairs. Data were deidentified to protect patient information confidentiality and privacy.
Results
Of the 206 patients who underwent pancreatic biopsy and were analyzed, the results show the mean age was 63.6 years; 54.4% were male. Of the 206 biopsied samples, 57.8% were malignant and 42.2% revealed benign masses. The majority, 56.8%, had diabetes, 60.2% had hypertension, and 64.6% had abdominal pain. According to the subgroup analysis in Table 1 , the malignant pancreatic group had a significantly higher percent of patients who were of older age, male gender, had diabetes, nausea/vomiting, jaundice, weight loss, dark urine, persistent fatigue, abdominal pain, back pain, bowel obstruction, and pancreatitis, and had abnormal imaging finding compared with the benign pancreatic group. The ability of individual predictors in predicting malignant pancreatic mass was calculated. Abnormal imaging finding (AUC =0.766) and weight loss (AUC =0.707) had the strongest predictive accuracy. Stepwise binary logistic analysis ( The model showed powerful calibration to predict malignant pancreatic mass with Hosmer-Lemeshow Chi-square goodness-of-fit (P=0.953). The predictive utility of the model for discriminating malignant from benign pancreatic masses was excellent (AUC =96.3%; 95% CI =94.1, 98.6) with the optimal cut-off risk probability of 0.513 yielding a sensitivity of 94% and specificity of 84.7%. The optimism-corrected AUC bootstrap resampling of the model was 94.9%.
Discussion
This study established the first risk assessment tool for prediction of pancreatic cancer in Saudi Arabia. A retrospective study was implemented for patients who were suspected of having pancreatic malignancy and underwent biopsy examination of pancreatic mass at KAMC, Riyadh between January 1, 2013, and December 31, 2016. Imaging tests are widely used in the center to screen for pancreatic cancer lesions. Their accuracy of screening programs was found to be 76.6% in patients suspected as having pancreatic cancer. This confirms that the predictive ability of the imaging tests may not be sufficient to detect the high risk of pancreatic cancer. 16 The authors were able to improve the accuracy of the screening process for pancreatic malignancy. The model had adequate goodness-of-fit with excellent discrimination (96.3%) and was internally valid (corrected AUC =94.9%) according to the bootstrapping technique. The risk model consisted of the following nine characteristics: age, male gender, weight loss, abdominal pain, blood clots, pancreatitis, jaundice, persistent fatigue, and abnormal imaging finding. The combination of these nine characteristics increases the risk of malignant pancreatic mass as compared to the utility of each individual factor alone ( Figure 1) . The model is feasible as these characteristics are routinely assessed in daily clinical practice in our center. Thus, the model may help identify patients at high risk of pancreatic cancer and improve early detection. The screening accuracy of this model would have to be validated in a large prospective study.
In this study, we observed the risk of pancreatic cancer associated with increased age. This is widely consistent with previous international studies, 9, 17, 18 in which older age as having a considerable association with the risk of pancreatic cancer has been documented. A national screening program targeting older individuals may help in early detection 5 and could provide wide treatment options for pancreatic cancer. 6 Our finding was broadly consistent with earlier studies, 9, 18, 19 with a significant increase in the risk of pancreatic cancer being found among the male gender.
Certain risk factors and symptoms have been widely reported to increase the risk of pancreatic cancer. These results were highlighted in our study, with abdominal pain, weight loss, blood clots, pancreatitis, jaundice, and persistent fatigue being potential indicators of high-risk pancreatic malignancy. The presence of these factors could be attributed to the development and progress of the tumor. [20] [21] [22] Some of these factors may be connected with lifestyle and lack of physical activity. [23] [24] [25] Recognizing the manifestation of pancreatic cancer may assist specialists and general practitioners in prompt decision-making and improve the early diagnosis process.
Several noteworthy limitations have to be mentioned. First, generalization of findings is limited to our center, as the study was based on a single center rather than a multicenter setting. Second, the model was developed and internally validated in a cohort as a retrospective study; external validation is needed in a cohort done as a prospective study. Third, due to the nature of the study design, we were not able to assess a number of potential factors such as smoking status, healthy diet, and alcohol use. 25 Despite the limitations, there is an urgent need for a simple and highly sensitive assessment tool for pancreatic cancer for use in clinical settings in Saudi Arabia.
Conclusion
The study developed and validated a feasible risk model for quantifying the risk of pancreatic cancer. Nine characteristics were associated with increased risk of pancreatic cancer; these were older age, male gender, weight loss, abdominal pain, blood clots, pancreatitis, jaundice, persistent fatigue, and abnormal imaging findings. This risk assessment model is simple and highly sensitive and could be useful to improve the screening performance and decision-making process in clinical settings.
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